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Objectives.Weattemptedto evaluatethe efficacyand tissue
reactionofa newminiatureinterventionalductalocclusiondevice
in neonatalpigs.
Background.Avarietyofdevicesare usedto closepersistent
ductusarteriosus(PDA)byinterventionalmeasures,Becauseof
the sizeof thesedevices,theyhavenotbeenappliedto termor
pretermneonates.Newbornpigletsare comparablein sizeand
fragilityto humantermandpretermneonates.
Methods.Memory-shapeddouble-conestainlessteelcoilswere
mountedon a titanium-nickelcorewire.A snap-inmechanism
attachesthecoilto thedeliverywire,allowingintravascularcoil
retrievalandrepositioning.Thesystemwasplacedthrougha 3F
Tefloncatheter.TwopigletmodelsofPDAwereused:1) ductal
pateneymaintainedby stents (n = 6), and 2) ductalpatency
producedbyangioplasty(n = 7) to avoidstent-coilinteraction,
The persistentlypatent ductusarteriosus(PDA) in preterm
and term neonatesor small infants is currentlyclosedby
prostaglandinsynthesisinhibitors(indomethacin)or surgical
ligation(l). Sideeffectsof the medicaltreatmentwith indo-
methacinarerelatedtovariableductalresponse(2),decreased
renal function(3),bleedingdisorders(4), increasedsuscepti-
bility to generalizedinfections(5) and decreasedcerebral
bloodflow(6).Riskinherentto surgicalIigationsthrougha left
lateral thoracotomyincludebleeding,chylothorax,pneumo-
thorax, pulmonarydamage and recurrent laryngealnerve
injuryor late scoliosis(7).
Fromthe DepartmentofPediatricCardiologyandInterdisciplinaryCenter
of ClinicalResearchon Biomaterialsand Departmentof Pathology,Aachen
Universi@of Technology,Aachen,Germany;*Divisionof Cardiology,Chil-
dren’sHospitrd,UniversityofBonn,Bonn,Germany;and‘tDivisionofPediatric
Cardiology,CardiovascularResearchGroup,UniversityofAlberta,Edmonton,
Alberta,Canada.Coilsand somecatheterswere donatedby pfm,Cologne,
Germany.PalmazstentsweredonatedbyJohnson& JohnsonInterventional
Systems,Hamburg,Germany.Drs.NeussandRedelownpatentsonaspectsof
the devicedescribedin thisarticleandmayreceiveroyaltiesif andwhenit is
marketed.
ManuscriptreceivedJanuary8, 1996;revisedmanuscriptreceivedApril3,
1996,acceptedMay7, 1996.
Addressforcorresuondence:Dr.RalphG.Grabitz,DepartmentofPediatric
Cardiology,AachenUniversityofTechnology,Pauwelsstrasse30,52074Aachen,
Germany.E-mail:grabitz@amsd.imib.twth-aachen.de.
01996bytheAmericanCollegeof Cardiology
PublishedbyElsevierScienceInc.
Results.PlacementofthecoilswithinthePDAwaspossiblein
all piglets.Beforefinaldetachment,the coilswereretrievedor
repositioned,or both,up to eighttimes.In allbuttwopigletsthe
ductuswasclosedwithin1hoftheprocedure.Thecoilswerenever
dislocatedandcausednoinfectionsor relevantaorticandpulmo-
nary artery obstruction(959i0confidenceintervalfor missing
complications[0of13]extendsto 23%).Histologicandelectron
microscopicstudiesrevealedendothelialcoverageoftheimplants
andhistiocyticreactionbutnolocalor systemicinflammationor
erosionoftheimplant.
Conclusions.Thedevicewaseffectiveinexperimentalmodelsof
PDA.The informationobtainedwarrantsinitial trials of the
devicein neonates,
(JAm CoilCardiol1996;28:1024-30)
Severalpercutaneoustranscathetertechniquesfor closing
the PDA in older childrenand adultshave been described
(8-15); of these, the Rashkindoccluderis to date the only
systemwitha largenumberof implantationsin children.The
sizeand relativelylarge deliverysystemof these techniques
limit their applicationto newborns.Springcoilsto occlude
arterieswereintroducedin 1975byGianturcoet al. (16),who
used smallcatheters(2F to 5F) for delivery.The currently
availablecoils,once delivered,are not retrievableinto the
deliverycatheterandthereforehavea riskof improperplace-
ment or undesirableembolization.Nevertheless,in recent
studiesthese coilswere found effectivein occludingsmall
ductus (17-19).Preformednitinol snares may be used to
improvedelivery(20).
Thisreportdescribesuseof an extensionofa largersystem
of retrievablecoilsalreadyon clinicaltrial in older children
andadults(21).The devicerelieson the strongmemoryeffect
of certainmetals(ANSI301)to formbiconical,double-disk
coilswhoseouter rings in the aorta and pulmona~ artery
securesmallerringsinsidethe PDA, causingits mechanical
and thromboticclosure.The aim of this studywas to minia-
turizeandmodifythissystemandto evaluateitspracticability,
efficacyand medium-termbiocompatibility,utilizinga neona-
tal animalmodelof PDAwiththe sizeandfragilityof human
neonatesin whichductalpatencyis securedeitherby stents
(22)or byangioplasty(23).
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AbbreviationsandAcronyms
LA/AO= leftatrial/aorticroot
PDA = patentductusarteriosus
Methods
OcclusionDevice and Deliveq System
The PDA occlusiondeviceconsistsof 1) a “double-cone”
springcoilof stainlesssteel (DIN 1,4310==ANSI301)(wire
stranddiameter0.015mm [0.0045in.],primarycoil0.46mm
[0.018in.], reconfiguredseconda~ diameter 4 to 6 mm,
minimalinnerdiameter<1 mm,overalllengthreconfigured5
to 8 mm [pfm,Cologne,Germany][Fig.1, D]); 2) a pusher
systemwitha) a pusherwire (stainlesssteelcoilwire,length
90cm,Teflon-coated[Fig.1,B],witha modifiedbaseto fitinto
a holdbackmechanismof the safetyhandle)that is advanced
over the b) core wire (Fig. 1, C) (stainlesssteel ITitanol],
length110cm,diameter0.23mm [0.009in.],modifiedtip to
controlthe coils[tworills]and modifiedbaseto fitholdback
Figure1. Distal portion of the delivery system with double-cone-
shaped coil (D) partially (distancebetweenarrows[fl)mountedonthe
corewire(C);the tip of thecoilis roundedto reducechancesof
entanglement(h).Thedeviceisplacedthroughthe3FTefloncatheter
(A)withtheinnermarkeringat thetip(e),anditcanbepushedoff
thecorewirebyadvancingthepusherwire(B).Scaleisinmm.
mechanismof the safetyhandle;3) a safetyhandleof stainless
steelwithanengravedmetricscale,twosafetymechanismsand
onedistalringon itsshaft(OccluGrip,pfm,Cologne,Germa-
ny);and4)anintroducingcatheter(Fig.1,A) ofTeflon(60cm
long,diameter3F size[1.0mm],includingtip marker(inner
goldring[Fig.1,e]).
Loadingthe system,The coilis stretchedandmountedon
the distalend of the corewire.The proximalend of the core
wireisscrewedonto thedistalsafetymechanismofsafetygrip,
thepusherwireisscrewedon to the secondsafetymechanism,
therebyallowingthepusherwireto bemovedindependentlyof
the core wire or vice versa.Advancingthe pusherwire or
withdrawingthe corewirewilldeploythe ductalcoilfromthe
tip of the corewire,allowingit to regainits originaldouble-
coneshape.To avoidunintentionalfinalreleaseof the occlud-
ingcoil,the proximalringis screwedon the gripat a distance
fromthe safetymechanismthat correspondsto the stretched
lengthof the occludingcoilsless 1 cm. The wholesystemis
thenintroducedthroughthedeliverycatheterin themannerof
a conventionalguidewire.
Deliveringthe PDAocclusiondevice,The tip of the deliv-
erycatheterisplacedin the descendingaortaacrossthe PDA
bymeansof rightheart catheterization.Twoor three ringsof
the occludingcoilare freed fromthe corewireand extruded
into the aorta,regainingtheiroriginalshapeand formingthe
distal,outerdisk.Thewholesystemisthenwithdrawnintothe
aorticampullaoftheduct,whereadditionaloopsare released.
As the systemis withdrawnfurther acrossthe PDA into the
pulmona~arterythe finalloopsformingtheproximaldiskare
releasedand, achievinga satisfactorypositioning,the backup
ringisreleasedandtheocclusioncoilfreedfromthecorewire.
As longas the finalportionof the coilis attachedto the core
wire(Fig.1,f), the systemin part or as a wholecanbe pulled
backinto the deliverycatheterfor repositioning.
Animal Studies
The pigletexperimentswere conductedaccordingto the
guidelinesof the GermanAnimalProtectionLaw and were
approvedbythe stateagencysupervisinganimalexperimenta-
tion.Catheterizationof the pigletswasperformedas a sterile
procedureunder anesthesiawith halothane(0.3%to 0.6%),
nitrousoxideand barbituratesusingmonoplanefluoroscope.
An Ultramark9 (ATLTechnologies)colorDopplermachine
wasusedto acquireechocardiographicdata.Nopigletreceived
antibioticor antithromboticagentsoutsidethe protocolde-
scribedlater. Beforeand after the investigations,the piglets
werecaredfor bythe sowin a jointpen withheat lamps.
Stentedpatent ductusarteriosus (stent group). Sixnew-
born piglets(mixedbreed), 0.5 to 2 daysold and weighing
1,320to 2,120g, were anesthetizedand artificiallyventilated.
Through a externaljugularvenouscutdowna 5F vascular
sheathwasmountedin the vein and a Bermanangiographic
ballooncatheter(Arrow)wasplacedacrossthe rightventricle
and ductusarteriosusinto the descendingaorta. A balloon
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Table1. SummaryofCoilOcclusioni Piglets
Sizeof
Birth Weightat Reconfigured Durationof Final Heparin LAl
Piglet Weight Implant Ageat Coils Implant Weight Sodium AO Histiocytic
No. (g) Gender (g) Implant (mm)* Follow-Up (kg) Dosage Ratio Reaction Comment
PatentDuctusArteriosusCreatedbyStents
32 2,060 M 2,600 14days 5x8x5 1.5h 2.6 51U/mlfs 2.0 Ductusclosed
38 2,350 M 5,600 10days 5x8x5 1.5h 5.6 1.9 Ductusclosed
35 2,060 F 5,200 11days 5x8x5 2h 5.2 100IUikg 2.0 Ductusclosed
53 1,990 M 5,200 12days 5x8x5 10days 6.2 100H_Vkg 2.3,1.8 Residualshunt,
despite
additionalcoil
atler 10days
46 1,580 M 3,600 14days 5x8x5 1.5h 3.6 l,oOOIu/lcg 2.2 Residualshunt,
intermittent
balloon
closureto
placethecoil
65 1,320 M 3,400 13days 5x8x5 1.5h 3.4 51U/mlfs 1.8 Ductusclosed
Mean 1,893 4,267 12days 4.4
PatentDuctusArteriosusCreatedbyAngioplasty
20
21
13
14
82
83
85
80
Mean
Median
1,980 F
1,480 F
1,640 F
1,400 F
1.740 M
1,540 F
1,480 M
1,800 M
1,633
1,980
1,480
1,640
1,400
3,520
1,540
1,480
1,540
14h
20h
3h
18h
10days
12h
28h
None
16h
5x6x4 16days 6.5 5 IU/ml/fs + Ductusclosed
4x6x3 16days 5.5 5 IU/ml/fs + Ductusclosed
5x6x4 53days 25 5IU/ml/fs ++ Ductusclosed
4x6x3 53days 27 5IU/ml/fs + Ductusclosed
4x8x5 63days 25 5IU/ml/fs + Coilplaced10
daysafter
ductaldilation
5x5x4 73days 44 5IU/ml/fs +++ Ductusclosed
5x6x4 3 days 1.3 5IU/ml/fs o Ductusclosed
Ductuspatent
after28days
(colorDopp-
ler echo)
40 21.8
53
*Outerdiameter1x lengthXouterdiameter2;echo= echocardiography;F = female;fs= flushsolution;Implant= coilimplantation;LA/AO= leftatrial/aortic
rootdiameterratio;M = male;+, ++, +++ = 1to 4,5 to 10,>10histiocyticlayersin the centralductalportion,respectively.
occlusionaortogramdemonstratedsize,shapeandpositionof
the ductus.Throughan end-holeballooncathetera 0.018in.
flexibleguidewirewasplacedacrosstheductusinthedescend-
ing aorta. The catheterwas then exchangedfor a coronary
angioplastycatheterwith a stentmounted(Palmazcoronary
stent, Johnson& Johnson).Inflatingthe balloonto 5 atm
releasedthe stentin thePDA.If necessary,a secondstentwas
placed to coverthe full lengthof the PDA. All ductswere
dilatedto 4.5mm.The catheterandwirewereremoved,and
the jugularveinwasligatedand the skinclosed.
Coildelivery.Ten to 14 dayslater the pigletswere again
anesthetizedand artificiallyventilated.The patencyof the
stentedductwasdemonstratedandleftatrial(LA)/aorticroot
(AO) ratio obtained by color Doppler echocardiography.
Througha secondcutdown-1 cmproximalto theoneusedfor
stentdelivery,4F sheathswereplacedin the externaljugular
veinandthecarotidartery.Thelocationandsizeof thepatent
ductuswere againdemonstratedby aortogram.Throughthe
venousroute and the rightsideof the heart, a 4Fr end-hole
deliverycatheter(nylonor Teflon)wasplacedin the descend-
ing aorta and the devicedeployedto occludethe ductusas
describedbefore.The pusherwireconsistedof stainlesssteel
alone (n = 3), stainlesssteelplusTefloncoating(n = 1) or
stainlesssteel plus Teflon and heparin coating (n = 2).
Differentdosagesof sodiumheparinweregivenbeforeinser-
tion of the occludingdevice:a) 1,000IU heparirdkgbody
weight(n = 2);b) 100IU/kg(n = 2);c)only lteparinized flush
solution(5U/mlnormalsalinesolution)(n = 4).Anadditional
aortogramwasperformed30to 60minafterfinalplacementof
the device.The pigletswere killedthereafterand the ductus
with the attachedaorta and main pulmona~ artery (ductal
block)wereexaminedmicroscopically.In theonepigletwitha
residualshunt the catheterswere removed,the vesselswere
ligatedand the skinwasclosed.Ten dayslater closureof the
JACCvol.28,No.4
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ductus was attempted again adding an additionalcoil as
describedbefore.
Patent ductus arteriosus created by angioplasty(angio-
plasty group). Eight neonatalpiglets(DeutscheLandrasse)
aged3 to 30 h and weighing1,400to 1,980g (median1,530)
were anesthetizedand artificiallyventilated.Througha 4F
vascularsheathin the externaljugularveina pediatricvalvu-
loplastycatheter(balloondiameter5 mm,length20mm;Dr.
OsypkaGmbH,Grenzach,Germany)waspassedovera guide
wire through the right side of the heart acrossthe ductus
arteriosus.The ductuswasdilatedto 5 mm3 timesover5 min
withan intervalof 5 min.An angiogram20minafterthe last
dilationdemonstratedductal patencyand dimensions.The
valvuloplastycatheterwasexchangedfor a 3Fend-holeTeflon
catheter. The coil to occludethe duct was selected (coil
diameterreconfigured= minimalductaldiameterplus1mm)
and deployedas describedearlier.
Tenminutesafterfinalplacementof thecoil,an angiogram
intothe mainpulmona~arteq documentedpositioningofthe
coils.Apart from heparinizedflushsolution(5 U/mlnormal
salinesolution),no other antithromboticagentswere used.
The cathetersand wireswere removed,and the jugularvein
wasligatedand the skinclosed.Approximately1 h after final
coilplacementcolorDopplerechocardiographydemonstrated
completeductalocclusion.Thepigletwasreturnedto the pen
to be caredfor bythe sow.
Color Doppler echocardiographywas repeated 2 weeks
Figure 2. Lateral radiographs from Piglet 20, ~ Descending aorto-
gram showingPDA after triple balloon angioplastyof the ductus. B,
Partiallyreconfiguredcoilintheaorticorificeofthepatentductus,still
connectedto thedeliverywire;C, PDAcoilafterfinalrelease.D,
Aortogram at final catheterization 16 days after coil implantation
showingtotal occlusion.
later (whereapplicable)to provepersistentocclusionof the
duct and to search for possibleflow disturbancesin the
pulmonaryarteryand descendingaorta.
Twoto 73days(mean40)afterductalclosurea secondleft
and right heart catheterization,includingangiography,was
performedby way of the jugularvein and commoncarotid
arteryundergeneralanesthesiabeforethe pigletswerekilled
and the ductal block removed.For gross and microscopic
examinationthe specimenswere tied in 10Yoformalinor
glutaraldehyde.The aortic and pulmonaryportions were
scannedby electronmicroscopy,the middleportionprepared
for lightmicroscopy.To avoiddamageto thissection,thecoils
werecarefullyremovedbeforeembedding.
Results
Patentductusarteriosussecuredbystents. In allsixpiglets
echocardiographyrevealedductalpatencyand an increased
LA/AO ratio. Placement of the coils was possible in all
animals. In one piglet, delive~ of the device required tempo-
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Figare3. Pulmonary(topleft)andaortic(bottomleft)ductalorifice
73 daysafterductalcoilclosurein Piglet83,withcorresponding
scanningelectronmicroscopicpicturesat right(scaleinmm).
raryblockadeofhighductalbloodflowbya 4Fballoonwedge
catheter(Arrow)placedthroughtherightsideof theheartand
at thesametimeservingasthedeliverycatheter.Anaortogram
obtained1 h after proper placementshowedonlya minute
residualshunt.In anotherpigletwitha residualshunt(Piglet
53), the LA/AOratio was decreasedfrom 2.3 to 1.8,and a
secondcoilplaced10dayslaterled to a minuteresidualshunt.
In theremainingfourofthesixpigletstheductuswasclosed30
to 60minafterplacementof the coil,as assessedangiographi-
cally.
Theuncoatedstainless teelpushercouldbe easilyslidover
the core for up to 5 rein, independentof systemicheparin
sodiumdosage(100or 1,000IU/kg).Tefloncoatingof the
pusherwiresextendedthe period of adequatemobilityover
the core wire to at least 20 min.No differenceswere found
betweenthe Teflon-onlycoatingand the Teflonplusheparin
coating.Furtherdetailsare shownin Table1.
Patent ductus arteriosus created by angioplasty.In all
eightpigletsdilationof the ductuswaspossibleandproduced
persistentductalpatency.The minimalinner diameterwas
3 mm(maximal5 mm),and the overalllengthwas7 to 9 mm.
In two pigletsthe controlangiogramsrevealedparavascular
contraststainingin the descendingaorta,and the pigletswere
put backin their cagewithoutcoilimplantation.Bothrecov-
ered uneventfullyand color Doppler-echocardiographyre-
vealedpersistentpatencyof the ductus.In one (Piglet82),the
ductuswasclosedon day10;in the other (Piglet80)the PDA
wassmallbutwasstillopenwhenthepigletentereda different
experimenton day28.
In all sevenanimalswhere attemptedplacementof the
ductalocclusiondevicewaspossible.ColorDopplerechocar-
diographyrevealedcompleteocclusionwithin1h. Oneanimal
(Piglet 85) had to be killed prematurely48 h after coil
placementbecauseof diarrheaand feedingproblems.Post-
mortemexaminationsincludedbacteriologicassessmentand
revealedno signsof localizedor generalizedbacterialinfec-
tion.In the other sixpiglets,colorDopplerechocardiography
2 weeksafter interventiondid not showanyresidualshuntor
turbulentflowin the aorta or pulmonaryartery.
Sixteento 73 daysafter PDA occlusion,the finalangio-
grams confirmedcompleteclosureof the ductus (Fig. 2).
Macroscopicpostmortemexaminationof the ductalorifices
showedavariabledegreeofprotrusionoftheouterringsofthe
coils into the lumen of the aorta and pulmonaryartery.
Dependingon the durationof implantationand the degreeof
JACCVol.28,No.4
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protrusion,the coilswerecompletelyor partiallycoveredwith
thin, shinytissue(Fig.3). Furtherdetailsare summarizedin
Table IB.
Scanningelectron microscopyand histologicstudy,At
highermagnification,mostofthecoilswereseento becovered
bya monolayerofcellsresemblingendothelialcells(Fig.4).As
assessed16, 53 and 73 daysafter implantation,endothelial
coveragewasmore pronouncedas the durationof implanta-
tionincreased.However,theextentofcoveragealsodepended
on coil geometry;the more loopsprotrudedinto the vessel
lumen,the longerit tookto buildendothelialcoverage.Areas
not coveredby endotheliumwere clearlythrombogenic,as
demonstratedin Figure4 (after2 daysof implantation).
A foreignbodyreaction(gradingbythe extentofhistiocyte
layersin the centralductalportion:1 to 4 = mild;5 to 10 =
moderate;>10 = severe)wasnoticeableandcorrelatedsome-
whatwiththe durationof implantation.Therewasno reaction
after 2 days,a mildreactionafter 16daysand a moderateto
severereaction after 73 days.In the pigletwith the latter
reaction,three additionalspindle-shapedforeignbodieswere
detectedinthecenterofthehistiocyticreaction.Theywerenot
stained,doublyrefractantand measured-0.1 X 0.01mm.
Discussion
To date, hemodynamicallysignificantPDAs in term and
pretermneonatesare treatedbyreductionof fluidintakeand
administrationof diureticagents,followedby either intrave-
nous infusionof indomethacinor surgicalintervention(i.e.,
thoracotomyandligationorclipping,orboth).Recently,a new
minimizedinvasiveapproachwas introducedusingvideotho-
racoscopyfor surgicalclosure(24).All of these procedures
have specificside effects(l-5,7), promptingour search for
alternatives.In olderchildrenand adults,interventionalPDA
closureutilizingdifferentdeviceshas been widelyused.The
sizeof such deviceslimitstheir use in smallneonates.The
stepupfroma 3Fto 4F catheterincreasesthe occupiedvessel
cross-sectionalarea by7570,from3F to 5F by 175’%0,
Functional results. Dilating the ductus by angioplasty
provedto be aseffectiveastheuseofstents.TheLA/AOratio
was increasedechocardiographically,and in the angioplasty
grouptheductusstayedpatentforat least10daysinonepiglet
andfor 28daysin another,as demonstratedbycolorDoppler
echocardiography.The stentedPDAswere tubular in shape
and had a high velocityshunt. In one piglet a temporary
balloonocclusionofthePDAwasnecessaryto allowstablecoil
placement.In the same group, two residual shunts were
detected,in onecasethe highdosageof heparin(1,000IU/kg)
mayhavecontributedto thisfinding.However,shuntsizewas
significantlysmalleraftercoilplacementin the stentedPDAs.
The angioplastygroup was introducedto utilizean animal
modelwith the size and fragilityof newbornsand to avoid
coil-stentinteractionin the histologicevaluation.The ductus
wasclosedin all piglets1 h after coilplacement.Minimizing
theuseofheparinandnothavingto dealwiththe sameextent
of shuntflowmayhavecontributedto the 100Yosuccessrate.
Becauseof the small number of animalstested, the 95%
confidenceintervalfor failureextendsto 43%(25).
Histopathologicexamination.Usingsterileprocedures,we
neverfoundanysignsof inflammationclinically,bacteriologi-
callyor histologically.Raster electronmicroscopyof coils2
daysafter implantationshowedthrombogenicityof the coil
surfaceitself.The histologicexaminationsin the angioplasty
groupdemonstratedcoverageof the intraluminalportionof
the coilswith a monolayerof endothelialcellsas earlyas 16
daysafter implantation.Foreignbodyreactionin the central
portionof the ductusas assessedbythe numberof histiocytic
celllayerswasabsent2 daysafter implantationand increased
overtime.
Clinicalimplications.Minimizingthe sizeof the introduc-
ing catheteris crucialfor any interventionaltherapeuticap-
proach in term or preterm neonates. Our devicecan be
advancedthrougha 3F catheterby usinga regular0.018in.
guidewire.Theabilitytowithdrawan inadequatelyplacedcoil
occluderwithoutmajormanipulationswillfurtherdecreasethe
risksof interventionalductalclosurein fragilenewborns.The
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PDA in our animal model is longer and probablymore
tunnel-shapedthan that in humanneonates.Butby selecting
differentlengthsand diametersof reconfiguredcoils,one can
adjustour deviceto the size and shape of differentPDAs.
Using the femoralvein in human neonatesfor a vascular
approachwillease the procedurebecausethe U turn in the
rightventriclecanbeavoided,precisionofmanipulationin the
ductuswill improveand frictionforcesof the cathetersare
minimized,Usingmonoplaneportablefluoroscopicequipment
(as in our study)avoidsthe need to transportan unstable
neonateto the catheterizationlaboratory.
Conclusions.The newminiaturedevicedemonstratedef-
fectiveclosureof PDAsin neonatalanimalmodelsof PDA.
However,our smallsamplesize limitsdetectionof possible
complications.Pathologicexaminationof portionsof the coil
exposedto thebloodstreamshowedcoveragewitha monolayer
of endothelialcells.Coilswithinthe PDAinduceda histocytic
foreignbodyreaction.Thesmallsizeofthedeliverysystemand
the availabilityof retrievablecoilsofvarioussizesoffersa very
flexibleand,in ouranimalmodel,safesystemforpotentialuse
in smalland fragileneonateswithPDA.
We thankthe Departmentsof Electronmicroscopyand ExperimentalAnimal
Research,MedicalFaculty,AachenUniversityof Technology,for technical
supportandezpertise.
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